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12. A specific binding compos!ticn comprising two poly¬ 
peptide chains having substantially the amino acid sequence 
of at lea st a ~crtic r ’ r y r- vrn-icv-. e ^ ^ ^ ^ ^ 

~ °“ - c u ~ i >. t- v. *: C- * c.i. :^TlinC- 

globalir but substantially lacking t r ; - cor* c “a'" r 
;3£...c riiiTiuncglcbul: n havinr c f^ „ 

determined liganc, wherein.said two polypeptide chains 
associate tc form a c:"c> y - £ --‘ -r = - - 
cificity for said predetermined ligar.c. 

1. A transformed expression 
carries a ds Lh'A sequence the' 
gion oi a _ i gnc cr r.savy c r.?. i: 
for a predetermined ligand cu 1 
arc i no a c id residues surer flue u: 


\ - c b r or 

^ - r. C 


a . . 


r. c - 


ar.c see- 


lac r's 


a 

• r "*'*?■ 


or. - - 


u>‘*K 

and is equipped f-^init i at :o: 


t.n( 


5'- ar.d 3-' -termin: 


re SDect i v 


of s.aod 


culin see::ftc 




■i 6"CUc r>C ^ 


• ' ^ 


ND 


: u / 
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(11) AU-B-l2*»J7/33 - 2 * 

10 . A meichbd for preparing a binding polypeptide> 

. . v — „ iaily of the amino acid sequence of 
C0 ” 5 of the-variahle resion of a light or neavy chain 

a portion ^ fic for a predetermined ligand, 

- — 

specificity of the analogous chain, 
said method comprising: 

. • _a. t paqt one of said light 

d« cDN.h encoding at ieasi. o.>= 
oreDcT--«E u ~, 

* ‘.. v c v. f -.nc from an tdRNA coding for said chain; 


.e^oving nucleotide sequences from said cs cDHA super- 
c-i-= variable regicn, and pr-cvicmg for ^.uia 
flUO,: : r ; -'.^nation, cofons at the 5- and 3 -termini resp.c- 
ticn “ nd . .. -,-oviCe tailored ds cDKA 

~ ->,c, n'3 L ScGU6nC6 

lively ci •'•v- 

,. „ c ^-n v-r^r-ble region; 

encocmg s^ V - A " 


i - ,_ a r «t c n >4 A i r. 

insert..g sc- . e ,_^. c = host for 

, of said cs cDKA ar.c - .. - 

1°*' e -“ " , . • - _„ ;!t - cr . vector ccn- 

v; * t S C - Q r- 


a- choression vector 


said ev. pres si on ve 
tair.ing said tailor 




; c - ^ 


:r::;ec ncs‘ 


.-vv c aic ci nomg 

ts . ^ **■ J -V- — 

i'K. wt-- — 

Ci * ^ . . _ ^ r - * ** S 

y G 1 >' ? 6 ? 1 1 Crc O- a- - - - - 


Sc-- 

* c -• c e - 


ores sec 


: — r- r 


-solacing saic o.. 


) ' OS 



115 = 125 /ib 
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HYBRID DMA AND BINDING 


COMPOSITION ?REPARED THEREBY 


» • 
• • 


»• • • 


1C 


The mammalian immunological system is unique m its fcroac 
ability to produce protein compounds, known as immuneglobu¬ 
lins, having extremely high specificity for a particular 
molecular structure. That is/ these proteins nave a 
conformation^ which 'is specifically able to complement a 
particular structure, sc that binding occurs witr. nign 
affinity. In this,manner, the mamma liar immune system. _s 
able to respond to invasions of foreign molecules, particu 
~\ £^y D^ot eins in s u r f a c6 nenorares c. "-crcor^ c..-s—» * s - 
tc toxins, resulting ir. ce r -o*/:: icat ion or desw.-; c.. c - 
invader, without adverse effects cr. tr.e ncs.. 


The pr irrar i I y t r.: nc g _ c r. u 
15 is gamma-globulin *n 

■ glycoprotein cf asou: 

heavy chains and :v:; ~i£rt crams. - mv 
variable region and a constant negicr. 
are concerned wish the barcing speci.. 
20 globulin, while the constant regions n 
functions which dc net directly relate 

^ ** - ^ t, 

C. i * J • 




i* o:' " c * 

■ c a 


-r = . has four chains. 


ti.C... 


„:. t c . - c - - • * 


regie 


e- 

r. - 


• v- r- 


25 


In nary situations it wo me ie 
molecules whim, -rougr. 
immunoglobulins, still crevice me ;p- 
which. the immurcglotulir.s 

residence 


i f 

snaiI - 
c i f i c i * 

' r-r r.r ‘ 


car: 


Droviae for shorter 





In. addition, where the immunoglobulin has to be bound to an¬ 
other molecule, it.will be frequently desirable to minimize 
the size, of the final product. Also there are many econo¬ 
mies in being able to produce a'smaller molecule which ful¬ 
fills the function of a larger molecule. 

There are situations where it is desirable to be able to 
•have a large number or molecules compactly held together. . 
By having smaller molecules, a greater number can be brought 
together into a smaller space. Furthermore, where such a 
binding molecule can be prepared by hybrid DNA technology, 
one has the opportunity to bind -the binding portion of the 
molecule to a ^ ; de variety of other polypeptides, so that 
one can have the binding molecule covalently bonded at one 
or both ends to a polypeptide chair.. 

Vfnere irrrnuncglcbul ins a^e u :c d A r* ~ ~ 

therapy, antisera from an a'i' cc«r-: r ^ 

— ^ , _ _ Or. 3 . monociera • 

antibody m a/ be ■■ c~~- - t. 

* - u - c e- u -- - ur-.n-rrmore, wr.en conjugates 

of other molecules to the antibody are employee, che~r-.su- • 

^-ng conj u ga t e rna v fc ^ c o* p —■—* ■ r- ^ * ... 

0 - -•-*—*• •. C r;c elicit host er.i'- 

oocies again st the constant r e o i ^ ' c ^ -re. __. , 


e g i c r. c: 


cr against ar.v ct 


It is therefore important tr-~ - - - •-.. 

permit the nreosrat^^ o' >.--.--e-__ 

comprise such bird'-*--r cc 

^ h'd^'-icuicr ant icer. cr "• *’ t ^^ r.:■ r ^i*/■ 




mgr s* c : 


iger. or ligand b-jt avoid zr.i 


Oi complete irnx.unoalc 


■.s cr.u cisc a: : era 


advantages oi icwer* mol^ccj'' we~g* r "-“ * 


id tt-. 


discussions concerning variable re^-ons he--*-* --s i—h-* 

chains of immunoglobulins may be found in Sharer, and Give! 

—i-Ochero. (1976) 15 :1591-159 1 *Rosenblatt and Haber, Bicchem. 
(1978) 17:3877-3882; and Early and Hc-oc, Genetic Bngir.eerini; 


■ r.eermg 









(1981) 3:157-188.. Synthesis of part of a mouse immunoglo¬ 
bulin light chain in a bacterial clone- is described by 
Amster et al. , Nucleic Acids Res. (1980) 8:2055-2065. Various 
' references cited throughout the specification concern par- 
5 ticular methodologies and compositions. 


The invention therefore relates to novel protein complexes 
provided as homogeneous compositions defining the variable 
regions of the light and heavy chains of an immunoglobulin, 
these individually or together forming a complex with 
10 specific binding properties to an antigen at a precetermmed 
• haptenic site. Such homogeneous compositions are m the iorm 
of a specific binding composition comprising two pr.ypcti-ide 
chains having substantially the amine acid sequence of at 
least a portion of the variable region of an im.runcgj.ct-ux.n 


1 = 


:onstan; re j 


* ■ > 


but substantially lacking the 
globulin having binding specificity :c e crecet ermmec 
ligand, wherein said tv: polypeptide cn-ams assrcia^e 
form a complex having a high affinity arc s- 
said predetermined ligano. 


Immune - 




The polypeptide chains car. oe ert 
genetically engineered micro-organ:.! 
DNA technology, cDKA is tailored :c 
neous to the variable regions of 
The resulting tailored ds cf-MA 
expression vector whicr. 






r* v. r, *■ >"■ ’ 




tran sc nc* 


.on ar.c -.rar.s.s'.i 


v. ft * ■* 


ar.c heavy chains define at least a r.a;. or 
variable regions and associate to :or:i a 
of specifically binding wit.n nig.n 
30 or ligand at a hapter.ic sice thereof. Tr 
will generally be greater tr-.n , no.', 
than 10 6 , and preferably greater tnan 1' 


* ^ V- 1 c. 


r.*_r:c::‘.£ 
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Generally the polypeptide chains of the variable regions 
of the light and heavy chains, will be employed together 
for binding to the ligand. However, it may exceptionally be 
possible to use a single chain if this chain has sufficient 
5 binding affinity to the ligand in question. 


The two polypeptide chains which, individually or together, 
provide the compositions of this invention will form a 
receptor, site, analogous to the binding site of an immuno¬ 
globulin. The composition will be referred to as ar. rFv with 
10 the individual chains referred to as L-r?v or K-rFv. The 
L- and H- designations will normally mean light and heavy 
" ' respectively; sometimes the two chains may be the same and 
derived from either the light or heavy chain sequences. Thc- 
polypeptice chains of the rFv will generally have fewer than 
15 125 amino acids, mere usually fewer than obou ^ 12 C amine 

acids', while normally having m.cre than o 0 amino acids. 


usually more than a b s u t 


>5 amine acids . mere usually mere 


than a oout 100 amino acids. Desirably 


from 


110 to 


o ammo accs wr.i_e 


20 from a b our b S 5 to lit amine acids. 


Tr.e ammo 


. q *. r r-v'-m c 


5 a_ 


upon the particular : 
be at least two evst 


ammo acics ana ycmec cy a 


25 to define a demai: 
stantial copies c 


_ - - ~ t CtS u - 


the light ar.d heavy chains : 
situations it may be sufficient 


either the light or the 


t: c • \ . c. . i - •— 1 



> * • 


It will often be 


tc r.avt- 


chains labeled, e.g. with a radios atop 


or toxin, or bound tc an inert 











w*“. 


t . 


1 


5 - 



supporti Suoh *as synthetic organic polymers, polysaccharides, 

naturally occurring proteins, or other non-immunogenic sub- ’ 
stances. 


It may sometimes be desirable to provide for covalent 
5 crosslinking of the two chains, e.g. by providing for cy¬ 
steine residues at the carboxyl termini. The chains will nor 
mally be prepared free of the constant regions; the J region 
may be present in part or in whole, cr absent. The D region 
will normally be.included in the transcript of the H-rPv. 


• • • • 
• • 


10 


Generally only a relatively small 
amino acids will vary from idiotype 
Therefore,, there will be areas prcv 
constant framework and areas that 
hypervariable regions. 


percent of the total 
to idiotype in the rFv. 
icing a relatively 
will vary, namely, the 


« « 4. 


15 


20 


The C-terminus region cf the r?v v: 
variety of sequences than the :C-ter...i 
present invention, can be further ~ci 
tion from the naturally occurring " c .- 
synthetic oligonucleotide can he used 
tions encoding different amine acits 
region. 


ii *: 3 v 6 a u r ~ 3 ~ e r 
us and, rased cr. ; 




_ . .c _ .: c: 



G “ 
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The preparation cf the 
•logy will first to descri 
greater detail. 



L. “ 



25 To provide a homogeneous r*7v 
the mammalian imnune system car. 
point. The messenger* SNA from a hybridena cell cr cr 
clonal antibody-producing cell is is dared ar.c used 
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r me 


c- 


r 
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15 


20 


prepare a cDNA transcript encoding the light and/or heavy 
chains of the immunoglobulin. Based on the flanking se¬ 
quences upstream and downstream, at the start (maybe inclu¬ 
ding leader region) and finish of the DNA encoding the varia¬ 
ble region, short- DNA sequences (oligonucleotides) at least 
partially complementary to those sequences are employed for 
primer repair or iri vitro mutagenesis to remove extraneous 
flanking regions and to introduce translational control sig¬ 
nals. The in vitro mutagenesis employs an oligonucleotide, 
which heteroduplexes with one of the strands of the cDNA, in 
combination with Klenov/ fragment of DNA polymerase I. Primer 
repair requires a homodupiexing oligonucleotide in combi¬ 
nation with the same enzyme. The process is carried out 
twice (conveniently once with the ceding strand and once 
with the. non-coding strand; tc crevice ds cDNA ceding for 
the variable region with translational regulatcry signals at 
predetermined sites. This cs cDNA is inserted intc an 
.appropriate vector, e.g. plasmid, tc provide a hybrid vector 
■capable of self-replication ar.c having the preper regula¬ 
tory signals for replication, selection and expression. 


25 


This hybrid vector is then in: 
host to express the variable regc 
polypeptide chains' of the r?'v a.n: 
lated. The variable regions :: 
peptide components of the r.“v art 
appropriate medium, t 


- — V * 




-1 — r, *: ^ 

are :ac- 


.. tr a \ c.:. 

■. e r. asset*' 




Since the idictypes vary, the sequence : "vp? 
present inv e r.t i tr. ne rr its etc* t c ar ii r a v;i ie v i ;■ 

coding sequences for variable region'. .Aire. the 
30 and vector can be tailcro-d to opt in ire the reg.lat 
signals which are employed, particularly the ;.r nr. 
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ribosome binding site and variable-region initiation codon 
may be properly spaced to optimize expression of the variable- 
. region polypeptide. 


* * 

• ♦ • » 

» * • 

• •» 

* • * 
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15 


The hybrid vectors containing the variable region coding 
sequence in the proper orientation are used to transform 
the appropriate host for expression. The resulting trans¬ 
formants are selected by virtue of the markers present in 
the vector and then cloned and expanded! The polypeptide 
produced by the transformants may be isolated by separation 
of the cells and isolation of the supernatant into which 
such polypeptides are secreted; or, if the polypeptides 
are not secreted, the transformant cells are isolated and 
lysed, and the polypeptide is recovered. Fractions con¬ 
taining enhanced amounts of the variable region polypeptide 
may be obtained by various conventional techniques, such 
as gel electrophoresis, fractional precipitation, affinity- 
chromatography-, high pressure liquid chromatography, cr 


the like, 


In any even; 


:he original 


.ysate, :r super 


20 


tar.t, or the concentrated fracticr.s therefrom, ~a\ 
screened for the presence of the van at le-regi :r. pc 
tides bv immunoassay. 


A heavy cr light chain 
as follows Polyclcnal ar 
bulir. can be prepared by : 
25 with the whole monoclonal 


tially separated and pur: 

30 antiserum. Sy binding t< 

containing whole ir..munoglcDu_m, 
chains, covalently links' 
antibodies for the whole 


isera tc hencei 

.cnal 

r clC * 

iU *. — ■_. & t-i. uyy; bj..-- - 

art ec rat 

— r * *• c C a 5 

zo product 

ar ti¬ 

zeze rrr.i" - : 

Of ZYr- 

ne a vy 

n, - •*-» ,t. i - - f v ". dr 

- - - - * ■ - *- - 4 ■ c. 

"he v:r.r..l*r 

iruaur.c - 

or heavy chair. 

ray oa 

:: a n - 

od from ether 

a:.‘ it :d iet 

t r.e 

u:d eluting :'rt 

a f i‘ i r. " y 


;• ■ " -■ *- r ~ or ' 

~ h a r.aavy cr : ignt- 

:.c an appre-pria 

re support 

, hne 

muncglcbui in, 

or for the 

heavy 




or light chain respectively, become bound to the column. 
The column is denatured, and the purified antibodies are 
removed and then conjugated to an appropriate support to 
provide an affinity column to purify the heavy or light 
5 chains of the rFv. 


10 


15 


20 


Where the light or heavy chain is not secreted, the trans¬ 
formed microorganisms containing the appropriate ds cDNA 
for either light-or heavy chains are grown in liquid cul¬ 
tures and cleared lysates are prepared, e.g. by treatment 
cf the microorganisms with lysozyme, rupture of the cell 
membrane, centrifuging and collecting the clear liquid. 

These lysates are then passed over an immunosorbent affini¬ 
ty column prepared as described above, employing the speci- 
A c poiyclonal ant isera. This bourse s'c^ 6 g*“ c - 

eluted from the column wi;h an aporcoriate ce* r ~‘~" r '~rg 
vent. The eluates from each of the heavy ' *■ cha^^ 

isolations are pooled ana then treated tc renature the poly¬ 
peptides to form L-r?v and H-rFv respectively. For re- 
naturacicn, the pooled equates m.av he "■'alv^ed ' , n cr 
appropriate aqueous buffered solutions. The mixture* *s 
then further ourified bv cass-'n J * rv-'- -w.-. 

1 igand-affmity column and the bound molecules eluted with 
oit spproui xcbS denaturing solvent. ^ *. : a'"''ab" c ‘ ^ ~ — 


25 


..a - -ri..g 

are then renatured as previcuslv 
lution of rFvs which may be- used 


' c c ^ - 


ec t< 
- ~ : & 4 


provice a sc- 
of Durooses 


30 


In accordance with the present invention, molecules 
provided vfn ich are pc 1 yo e p t ice -du z 1 exe t of t h*- "a^ i r- 1~ e 
region of light and heavy chains of nnnglucuiin re¬ 


taining the specificity of the i:\rn* rr. ;;2 o : ul i r.z 
the constant regions, the r?vs axe less ir.rtuncgar.i 


1 U C 1 r* g 


:c anc 


e r. i c t c 


may, therefore, be prepared from, sources e 
host to which they are tc be aomin stered. Furthermore, 
rFvs are a homogeneous mixture, rather’than a heteicpe- 


;he 
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neous mixture. (The heterogeneous mixtures, which will con¬ 
tain chain's of varying lengths, could be obtained by other 
techniques, such as enzyme and acid treatment.) The homo¬ 
geneity of the compositions of the present invention allows 
for uniform modification and accurate determination of thera¬ 
peutic levels. In addition, there is no contamination 
with chains from whole immunoglobulins, which, if inade¬ 
quately digested, would retain immunogenic portions or un¬ 
cover new immunogenic sites. Finally, large amounts of 
the desired rFvs may be prepared ir, high yxexa and nigh 
purity. 


The oresent invention provides furthermore apt 


crccriat e 


transformed expression vecto 
DMA sequence coding for said 


iiasncs earn 


’ar.sformed hosts vsucr 


as bacteria, e.g. F. coll , or yeasts; 


press ion vectors ; met, 
exoression vectors or 


;ds for 


- -v*. c v c: ,r ' **-r s £ 


plasmids-, and methods 


said rrvs cy cu 


The transformed express icr. vaster o 
to the invention carries a os - sepo 
variable region of a light :r reany cr 
globulin specific for a preoetermir.ee 
tides coding for aminoacid residues s. 

W • rV~\ 

variable region ar.d is ecuippeo 
nation codons at the 5 ,_ =t.c ;'-termi- 
said DMA sequence. 
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The invention further provides a method for preparing a 
transformed expression vector or plasmid which carries a 
ds.DNA sequence that codes for a variable region of a light 
or heavy chain of an immunoglobulin specific for a pre¬ 
determined ligand but lacks nucleotides ceding fer amino 
acid residues superfluous to said variable region and is 
equipped foj^initiation and termination codons at the 5'~ 
and o'-termini respectively of said DNA sequence; 

said method comprising: 


.... 10 preparing ds cDNA encoding at least one of said : 

. heavy, chains from ar, mr.KA ceding for said chain; 


removing nucleotide sequences from c-a: 
to said variable region and pro vicing 


"•-•farcer.- arc 


termination coders a- 
cf the DNA sequence ■ 


said vanaoie regccr.; 


a no .inserting 3 a i:: tai^ore 
vector for excressier of saii 


q. .o y '* *'SS 1C! 
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■mRNA that codes for said chain, reverse-transcribing said 
mRNA to produce ss cDNA, synthesizing a strand complemen¬ 
tary to said ss cDNA by means of DMA polymerarc- to produce 
ds cDNA having a ceding strand ceding for said light or 
heavy chain, wherein said coding strands include DNA se¬ 
quences, that coae for leader sequence, variable region and 
constant region of said immunoglobulin in the S'- 3 ' direc¬ 
tion Ox said cocing strand, and cloning said c.; cDNA; 


b) providing a coding or non-ceding ss cDNA stran 
10. cloned ds cDNA; 


d from said 


rv. r 


and ther. carrying cut star: 

order deef 0 r cecf: 


') hybridizing to t: 
the coding sequence: 
region a first dig- 
codon for defining ■ 
duplex, enzymaticai: 


the- juncture of 




- - - - C - C b U C'. ; 


crcajce a first 


■ t w. r .n z up16>: tc 0 1 cr.ca11 sa 


first olircru 


c;ec:: 


nentarv 


r.or. ~ c < 




c) hybridizing tc the 
ceding for the ; uncture 


constant 


-vj.--:. c. 


.er c :.a t 2 n c ^ u oe s 


a stop anti - c c d p r. tt re d 1 c ■: 
treating this duple:-: tt elt: 


strand and digesting s: 


tion up tc the setruer- 


_-t co-r.o.-. 


ary tc said sect-.-c 


oligonucleotide primer, tc r.r 
cDNA; 
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initiation site for expression of a variable region, said 
first oligonucleotide primer being complementary to the se¬ 
quence coding for the ‘.-J-terminus of the leader region or 
partially complementary to the DNA sequence ceding for the 
juncture of the leader region and variable region, having a 


nor.-complenentaiy ir.itiation. codon afcoui 


it said juncture. 


to produce a first duplex, erratically treating the resul 
ting duplex t: eltr.gate the iirst oligonucleotide oricer ir. 


1 - 3 1 direct i cr. 


ss cDNA, arc dij 


demerit ary to said n 


•a .2 ror.-eccirz s: 


o n—c c c " " t 


cirecticr up tc the sequence ccmc-le-erta~v 


igonucleotice 


y - \J - ^ ^ — 


cDhAi 


' ^ » C t t ~ 
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and inserting said N- and C-terminus tailored ds cDKA into 
an expression vector or plasmid with said coding sequence in 
proper relationship with transcriptional and translational 
regulatory signals. 


The first oligonucleotide primer may homocuplex with said 
non-coding strand at the N-terminus of said leader sequence; 
or may hybridize^at abo u t the juncture between said leader 
s'eouence and said variable sequence to introduce an initia¬ 


tion cocon at the N-terr.inus cf the DN*A sequence coding for 
sa’d variable region. At least one oligonucleotide primer 
mav be only partially ec'r.pler.er.tary to said cZ'Ak strand. 







v n 
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removing nucleotide sequences from said ds cDNA super¬ 
fluous to said desired part of said polypeptide chain and 
providing for initiation and termination codons at the 5'- 
and'3’ -termini respectively of the DNA sequence to provide 
tailored ds cDNA encoding said desired part of said poly¬ 
peptide chain, 

and inserting said tailored ds cDNA into an expression 
vector for expression of said ds cDNA. 


The foregoing features of the present invention, esnp- 
: ially the steps a) tc f), can he adapted acccrdingls. 


An imoorcant 




the oresent invention ccr-prises 


a method for preparing a cir.ding polypeptide vn.icn ccn- 
accentaliv cf the amine acid sequence of at leas' 


sists essentially 


a portion cf the vanacie recic-n c. a _ign■_ __ - - ■ - c -~‘ 

cf ar: immuncglocul m specnic for a prece . er... ..e - ^_ £ =...c. 


* r.i r c a c i d S6 z ue r c e 




- C.. : *- - c. - ■ 


soeci.icicy 


ar.a-ccc-us 


said metres ccr.r 


rcut:',:.. 


re mo vm; 


fluous tc saio variate — a-*- 

re s o e c c i v e i j c * ^ ^ 


f: C G C 1 r. z . c - - ^ - - • 


inserting sai¬ 


ler for extressicr. 


for said expression vectc 
taining saic tailored ds 


c i v.' ii r c a - f - 


vectcr con- 


■ -NA’, 
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growing said transformed host, whereby said binding 
polypeptide of one of said light and heavy chains is e>: 
pressed; and 

isolating said binding polypeptide. 


Another important feature of the present invention com¬ 
prises a method for preparing a binding polypeptide which 
consists essentially cf the amine acid sequence jf at least 
a portion of the variable region of a light cr heavy chair, 
of an immunoglobulin specific tor a predetermined ij.gs.iid, 
said amino acid sequence having substantially the binding 
specificity cf the analogous chain. 


sale nod c c tt.i ri s ir.£; 


growing a host transfer 
vector or plasmid which c: 
for a variable region -- < 
immunoglobulin but -?• c: 
acid residues superfluous 
ecuitped for initiator:', e 


ar.d r-termi: 




t r~* c a n r. r - r. o — r. . 

e n c o c i n g *-r.5- VcricC. - ^ -J - ^ : **•-**• - r ~ j - 

riacie regions may :e cor: vet :rcm 

Igtf, most commonly fro::. IgK anr. -F- - ' r ' 

by immunizing an appropriate .e. .e_.^- a, i. -- 

mestic animal, anc most con/en-r...r- 
zation may be carried cut cor.ver.-- cr:<= -- v> - 


. mmur.i - 


tnc or more 
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repeated injections of the immunogen into the host mammal, 
normally at two to three week intervals. Usually three days 
after the last challenge, the spleen is removed and dis¬ 
sociated into single cells to be used for cell fusion to 
5 provide hybridomas. 

The immunogen will be the antigen of interest, cr where 
a hapten is present, an antigenic conjugate rf the hapten 
to an antigen. 
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To obtain the desired DNA sequence, one can look 
to either the gene expressing the variable regicr. or tne 
messenger RNA, which expresses the variable region. The 
difficulty with employing genomic DNA is in juxtaposing 
the sequences coding for the variable region when these 
sequences are separated by intrcns. Or.e must isolate the 

DNA fragment(s) containing the pr^pe. e e " c 

ir.tror.s and then splice the excr.s in the proper order and 


orientation 


Generally 


alternative technique employing 
the method of choice. 




will *:e 


vm 5T6 “he- Ti- £ S 1 


? ^ 1 - £ 1 - : 


lyse: 


;r:Cer 
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: nccur 
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Jackson, Euro. J. Biochem. (1976) 66:2i47-256). The resul¬ 
ting translation product may then be isolated by employing 
antibodies specific for one or more of the regions of the 
chain of interest, for example, using rabbit anti(mouse IgG; 
where the chains are derived from mouse immunoglobulin. 


• * * 


1C 


The immuncprec ipit ate may be furcr.er s'.isiv i?.. ^ 
acrylamide gel electrophoresis, arc the presence of Com¬ 
dexes determined by using radictagged revep^c.^ 
antigen-antibody complexes, such as S. aureus_ prcseir. 

Rf factor , or the like. _r. accittcr., r.-.-m tic. ny-r_^--<= 
tier, (resclutior. cf the r.rhA sar.pi.es tr. ?.*c.tcz-= • • ^n- 

fer of the rnRUA tc r. it rc cellule se filter 
anc testing v:it'r. rat reactive prtce. c - 




further ensd>e tha - 
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2 . Preparation of Genes Coding -or L~rFv and 
. H-rFv and Introduction into an Expression 
Vector For Amplification. 

A wide variety of vectors may te employed for i 
fication or expression of the ds cDKA to prco.uce 
and heavy chains of the immunoglobulin. A vector 
an .appropriate restriction site is digested with 
appropriate endonuclease. The ds c_NA octamec - 
reverse transcription of the mRPA may ce 
ir.g linkers, treatment with terminal transferase 


ig'nt 


techniques to prcvioe staggerec 
ended termmr.. -ne vector;.- ..c.^ ..c.\- 

r.-rKt:rs for sele i" cc. r. C- Ti'cr.s - 
vector will rave a uricue restrictic 


re * tv:c 


t v e e>:r ressior. r. 

f* * 'r~ c_ q z TixsV rr.ar r. 


as bice ice resist arc- 


C- — ^ ^ A ' 
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lysed, dried and baked e.g, at 80°C. The replica filter 
is then hybridized with appropriate radioisotope labeled 
probes. Probes for the determinant bonding sites present 
in the constant regions of a variety of mammalian inrnuno- 
5 globulins are readily available. The colonies may be 
probed according to the nature of the particular immuno¬ 
globulin cr of the different determinant sites that nay be 
present in the particular immunoglobulin. 



* 
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31 to varying degrees by varying the period of digestion. 

Furthermore,, by knowing the DNA sequence of the ceding 
strand in the region of the C-terminus of the heavy and light 
chain variable regions, a stop codon may be introduced at the 
C-terminus by the following procedure cf in vitro mutagenesis, 
The cDNA is restricted with the appropriate enzyme(s) to 
provide a segment coding for the variable region with addi¬ 
tional 5' and 3' flanking sequences. This segment is puri- 
b’l ed, for example by gel electrophoresis, grad-enc ^ens-.y 
centrifugation, etc. The desired segment is isolated and 
its two strands are dissociated, conveniently by boning. 
Alternatively, the irdesirec strand if the ir.tact c. 
oiasmid clone may he am cige = . 













23 


or C- regions of the light and heavy chains, particularly at 
or intermediate the D- or J- regions or intermediate the 
J-egion, or at the J-region and C-region juncture, it is 
intended.that there will he some variation in the polyoep- 
5 tides which are prepared, so far as extending he,one the 
variable domains or.not including all of the amine acta* 


_ V *■ 

a u v/ 


he C-terminus c-f the variable region. 


A excess anount cf the DNA Oliver is combined w 
the denatured strands cf the restriction fragment un 


sufficiently stringent r.ytricizat tor. .«-■ 
DNA cligonor specifically heterocuplexr: 


oortions C: 


r* - V-. c. 


coding strand. vna.i 


stop codons tc ensure 
t-Ko r.psired amino aci 


iit icr.s 


' - -* - * -1 


i- y r r 5 


:r.us, tr.e 


_ — -r- A- « we 

c c mr _6r.Tr. ^ c.* 
zv mere 
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the blunt ended fragments are either modified as described 
previously, e.g. joined to linkers which cede for restric¬ 
tion sites which are absent in the variable region sequences, 
or tailed, e.g. with polyG or polyC tails,or used directly 
for insertion. Thus a fragment, after being joined tea 
restriction site linker, can be inserted into an appropriate 
vector having complementary termini, and the:', when desired 
can be recovered by restriction at the linker cites. The 


linkers are jomec 


appropriate ligase - 


blunt-enceo. iracnents wirr 


iigase, ar. 


, * ... . v 


nensive er.: 
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In choosing 


the different strategies, considerations 


include the presence cr absence os P-- — 

sites in the variable region coding sequence and flank- 

»^ i ■ • j t f ^cto^s v i ich a;loVk fo* 
ing regions-, the avai-iD.-^v . . 

ir^e^t-’or. of the ds cDKA sequence into the vector ana ex¬ 
pression of the variable region polypeptide V the availabil- 


irticular restriction 


f 1 cnlf- 


f useful shuttle vectors; the availability ci 


‘-t.v O 1 US6-U1 biiUv w - ~ , 

• - e " -t r t r*f COCC V15 - C j S.i.w 

* * * ^ ^ ^ 0 . r> p e <b, ' O'. 2 . ! :C 1 S v i i - t ; ■ - ^ * 7 

wnicn pern'.ic - & 

the ability of the hast tc reccgr.ize such sigr.ais as 

_ - - ,,. ■ p ~ — r» *"* c r ^ i *7 2 i - r sequence. 

secre-cry signais - - -- -^ • c ." 

._- rAfferent icietyt^ 
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V. _ t, ; ; r -T 


v; 1" 1 06 n*r C tf 6 oil j 

portions cf the ~hA 

gicr. -- 


Where tne 


the sequence n*c 

*. ;— r- v. p “ r~* =r.t-c 
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EXPERIMENTAL 

The following Example description will be directed to the 
dinitrophenyl ligand as an example of a typical ligand. It 
is to be understood that the subject process will be useful 
for any ligand, although, owing to the wide variety of tele¬ 
types involved, at various stages tr.e process ns«:- r - cXe - c ^ 
be modified slightly to accommodate the presence c: a parti- 


cuiar 


restriction s: 


;tr.er unique 


Preparation cf Mereclonal Ant 


; >- ; o o an a z u e ou s t u: fere c 


intr-ccvcec uonusoue! 


-1 t £ r* " 

C. - . , ^ . w . * } 


I irr.ee;; he~ccya: 


temperature 


:sei for irrjiu 


ms -n'T 


• n. ^ * * 1 h-' 




ilV 6 10 IT. a 




>0 and 5x10 spleen cells a:v 
for 5min and resuspended 
Dulbecco's modified Eagle 


S:C >■ — y 




VJ 1 


0 - 




at 37°C, 20ml cf R medium (RPWI 16U0 medium (Gibco) supple¬ 
mented with 30mM Hepes (Flow)' is added slowly. The cells 
are then centrifuged and resuspended in 20ml cf r. medium 
supplemented with 1C? fetal calf’s serum (Giocc'. JF.r medium) 
and C.2ml cf this suspension is then distributed to eacr. c: 
POc wells containing C . &ml F.F mecium. tne nunur-rr. 
wells also contain 2xlC' mouse peritoneal exudate tells. 

n ^ ^ Ir.l RF supp lener.t to. ’•••itr r..^. - 


After ^ 


4 hours 1 ir:cu:&. 




f - r 


ce 


t - > 
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generated termini with calf thymus terminal deoxynucleo- 
tidyl-transferase as follows: the reaction mixture (0.2ml) 
contains as buffer lKOmtt sodium cacodylate-30 mK T r is-HCl 
(ow 6.8), lmM CoCl 2 , O.imK dithiothreitol, 0 .25mI'.dTTP, the 

Kpni endonuclease-digested DNA and Uoo units of the termi¬ 
nal decxynucleot idy 1 transferase. After 50 minutes at 3 1 
the reaction is stopped with 20^1 of 0.25K E?7A (pH S.C) 
'0 u' cf '05 ?-DS and the DNA is recovered after severe 

_ • -beno'-CHCi- bv ethanol Prec ipitaticr.. i. 

extractions v.- ; 

DKA is then digested with 17 units C: -v**. 

0.2mi containing 10 rtf Tris-HCl (pH 7 

. ■ .» ■> _ „ - c '• f «■> a: 

i-v. -hi cthreito. ana -- 


i cr oi 3 c 1 * 


, 1C 

- - 0, 


•The large 


I;: frag'tar.: , v.r.i or. 








BSA. After 1.phrs at 
with phencl-CHCl- ar.c 
Then, tails of 10-15 


f, 


\ ; ‘.c j 


}.i v - ^ 


A- 
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60 units of terminal deoxynucleotidyl transferase an t 
' reaction mixture (50 pi) described above, except that 
cGTP replaces dTTP. After 20 minutes at 57°C the raixt 
is extracted with p'ner.oi-CKCl^, and the DBA is precipj 
3 with ethanol and digested with 50 units of Hind HI en: 
ase in 50 pi containing 20mM Tris-KCi (ph •’ 

cCml-'i NaC2 and O.lmg/r.1 BSA at 37° for 1 hr. The small 
dG-tailed linker DBA is purified by agarose (l.?H el- 
nhoresis and recovered as describee aoove. 


10 


The reaction 
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The pellet containing the cDNA:ir.RNA plasmid is dissolved 
in 15 pi of l^CmM sodium cacodylate-30mK Tris-HCl (pH 6.8) 
buffer containing Ir.u" CoCl 2> O.lmft dithiothreitol, 0.2 yz 
of poly A, 66yV. "^F-dCTP (6C0C cpir./pmoi) and IS units of 
terminal deoxyr.ucleotidyl transferase. The reaction is car 
ried out at 57° for 5min to permit the audit ion of 10 to 
15 residues of dCK? per end and then terminated with 1. 

•if ETTA (r.H 5.Cand 0.75 ul of SOS. The mixture 


i C t/ i < 


is extracted with 15 yl of pher.cl-CHCl, ar.c mixed with 
10 of UM ammonium acetate, the DhA is precipitated and re 


r* “ * “ o ' u* n t »* r, O i< " r. H c ** p* 1 

t-av-O-u. ^ >■' - --- ‘ *- 


is precipit 2 "ec i:'ic reprec: - 
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and constant region are separated by gap.^ 


first sixteen arr.irsc 


acids of the constant 


x Soidnan et si ., ’’Nature” (1979) 2c-C: 37C 


with 

only the 

region 

indicate 
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Glu Asp Phe Val Asp Tyr Tyr Cys Leu Gin Tyr Ala 
GAA GAT TTT GTA GAC TAT TAC TGT C *A CAA TA? GCT 

Ser Ser Pro Trp Thr rhe Gly Gly Gly Thr Lys Leu 

AGT TCT CCG TGG ACG TTC GGT GGA GGC ACC AAG CTG 

Glu lie Lvs Arg Ala Asp Ala Ala Pro Thr Val 

GAA ATC AAA CGT . . . GCT GAT GCT GCA CCA ACT GTA 

Ser lie Phe Pro Pro Ser Ser Glu Gin 
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Met Lys Leu Trp Leu Asn Trp Val Phe Leu Leu Tbr l.eu 

ATG AAG TTG TGG TTA AAC TGG GTT TTT CTT TTA ACA CTT 

Leu His Gly lie Gin Cys . . .. Glu Val Lys Leu Val Glu 

TTA CAT GGT ATC CAG TGT GAG GTG AAG CTG GTG GAA 


5 Ser Gly Gly Gly Leu Val Gin Pro Gly Gly Ser Leu Arg 

TCT'GGA GGA GGC TTG GTA CAG CCT GGG GGT TCT CTG AGA 

Leu Ser Cys Ala Thr Ser Gly Phe Thr Phe Ser Asp Phe 

. CTC TCC TGT GCA ACT-TCT GGG TTC ACC TTC AGT GAT TTC 

Tyr Met Glu Trp Val Arg Gin pro Prc Gly Lys Arg Leu 

[0 TAC ATG GAG TGG GTC CGC CAG CCT CCA CGG AAG AGA CTG 
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Based on the SNA sequencing and the restriction mao, Pst I 
sites are found at the -110 base pair of the coding strand 
ana downstream from the termination site for the cDNA coding 
for the light chain, while convenient Hindlll restriction 
sites are found upstream from the leader sequence and down¬ 
stream from the termination site of the coding strand for 
the heavy chain. The leader sequences 2nd coding sequences 
of the light and heavy chain variable regions are free of 


secuences recognise* 


rated er.con-.u 




mediate its ends and ccrpienem 
of the coding sec.uence for the 
of the coding sequence for the 
mutagenesis. The oligomers ar 
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dance with the methods described by Itakura et_ al. , 
Chen. (1975) 150:^592. 


The following schemes depict the primer ret 
method for the light and heavy chains where t 
ouence is retained (a and b, respectively) a: 
mutagenesis method where the leader sequence 


air synthesis 
he leader se- 
d the in vitro 
is removed 
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sequence for the variable regions of the light 
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Ir. this pansier, strands coding for the 5'-leader se¬ 
quence and coding sequence or just the coding sequence for 
the variable region are synthesized and the sir.gic--stranded 
DNA sequences ir. the 3'-direction of the template r.cn-co- 


cir.g 

strand 

are 

degraded 


result, 

for 

strands 

hOT;C 

duplexes 

q via 
d * 

cbtatned 


vartac-e regacr 
are blunt ended, hav 
the coding strand v.i 
vi t h the initiatir n c: don 


itaining the leader sequence, 

?r coding the leader sequence and 
for both the light and heavy chains, which 
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transformation is then heated to i*2°C for 75sec prior to the 
addition of 5nl L broth. 

Transformed cultures are incubated at ;~ c : for fhr. The 

tx.P2.ns - errants are t non ^_ •» 

die g. c\... m dgar piares containing K-Q 

■* i “*■ j iT»*d 1 meu-Lulu ano iC li g / ml e.c **v»* *„ 

grew on this medium are then transferred tc agar plates 
having !•!-? minimal medium and UCpg/nl of ar.r.ici:'.in. These 
cells which are sensitive to ampiciilin anc resistant to 
tetracycline are then screened fer the r** 

r.ids having the desired cDKA. 
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nut r 1 en t e u 11ure fir 1c h 
“o a 1 .1 ml Epper.ccrf tu:: 

.tiers are carrier, cu‘ -“ --- - —. *- ^ r ~-__. 
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.cr plasr.ic extract inn. 
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the precipitate is apai‘t collected z v c r •** 1 - run^ v *• r.r -np 
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aq - 


the pellet is dissolved in 50pl water. 


Substantially the same procedure as described above is 
used for ir\ vitro mutagenesis. With the primer repair 
synthesis, only one homoduplex is formed; with ir. vitro 
mutagenesis, a heterocuplex is initially formed which 
upon transformation and cloning results in two hcmocuplexes ■ 
t.ne original gene sequence; and the modified cr ''tailored" 
gene sequence, which includes the change ir. sequence en¬ 
coded in the olicor.er. 
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complementary sequences to the coding ("sense") strand of 
the variable-region cDNA. 


The oligonucleotides and the schemes for i-.se-tirg the 
stop codon at the end of the variable regions are depicted 

“ :° UCKS - ^ of the stop codon in the light 

-am as set forth in *, while the introduction of the stoo 
cocor. m the heavy chain is set forth in. f. m e and f. ' 
" he stop codon (TGA) is underlined. 
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ACC GTC TCC TCA GCC AAA ACG ACA- 


TGC CAG AGG AGT CGG TTT TGC TGT_ 5 * 
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curring —rrjnuri0.gioou^z.ri. Y.'ithcut the constants rations, 
tne resulting rr v has reduced imnrur.cgenicity and lacks oeot^de 
sequences wmch may have undesirable functions for particu¬ 
lar applications e.g. complement fixation. 
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variable regions, the naturally occurring binding effi¬ 
ciency is retained and binding affinity can be widely varied. 
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cs cDK’A having a coding strand ceding for said light cr 
heavy chain, wherein said coding strands include DKA 
sequences that cede for leader sequence, variable region and 
constant region of saic irrjnunoglcbulin in the 5 ' -3' direc¬ 
tion of sr-.id coding strand, and cloning said ds cDlJA - , 

b) providing a coding cr ncn-ceding ss cDMA strand fron 
said cloned gs cDNA; 



i 

i 

I 

t 

) 

i 

i 


i 







60 


order cecf or ceci: 


10 


c) hybridizing tc the non-coding strand at the j mature of 
t'ne coding sequences for the leader region and vanaeie 
region a first oligonucleotide primer having an initiation 
coder, for defining the initiation site to produce a first 
duplex, enzymatically treating this duplex to elongate said 
fii'st c">gcnucleotide primer in its 5 ,- 5' direction comple- 
r-ertarv tc said non-cciing ss dNA, ana digesting said 
r.cn-c.ccing ss cDKA ir. the other direction up tc the secuer.ce 

ccr.pie 7 r.ent ary tc said first oligonucleotide primer, tc ore- 
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in particular a method comprising: 

A) preparing ds cDNA ceding for a light or heavy chain of 
an immunoglobulin, each chain being composed of a constant 
region and a variable region, said variable regions having 
about 95 to 12p amir.c acids; 

oy the steps cf isolating mr.KA that cedes for said chain, 
reverse-transcribing said nRNA to produce ss cD-.A. synthe¬ 
sizing a strand complementary to said ss clKA tv means of 


sizing a strand complementary to said ss clKA by means of 
DMA polymerase tc produce ds cDMA having a coding strand 
coding for saic lig.nt cr neavy chain, wherein, said cocii'g 


strands include DMA sezuences tha - 


variable region 
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ol.igcnuc lectide primer, to produce N-teminus defined ds 
cDNA j 

clcr.ing the resulting N-terminvs defined ds cDNA; 

separating the resulting K-termir.us defined ds cfNA into 
coding and nor.-ccding strands; 


hybrids, ting 


;d the ceding strand a seccnd oligonucleotide 
priir.er that includes a stop ar.ti-ccdon but is otherwise 
c implement ary tc the sequence at accut the juncture of said 
variable region and said constant region tc trccuce a seccnd 
duplex, said stop anti-ccdcr being at said juncture and 
thereby introducing a step coder, at the terminus cf said 
variable region, enzymatically treating 
tc elongate said second .tligcnutle :t ice 
direction complementary tc said ceding 
said coding ss cf:;.- i:c the ether o' 
ccr.p ler.er.t ary tc said seccnd cligcnuclect ice prir.e 
produce N- and C-to:minus tail:red ds 
variable region f the light :r heavy 
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sequence and said variable sequence tc introduce an ini¬ 
tiation codon at the H-terminus of the SNA sequence coding 
for said variable region; in particular a method wherein 
at, least one oligonucleotide primer is only partially 
corcpierr.entary to said cD’SA strand; especially a net nod in¬ 
cluding the additional step, prior to said inserting, of 
ligating unique restriction linkers to said !*- and C-ter- 
' minus tailored ds cCdlA and enzymatically cleaving said 
linkers to provide cohesive termini, cr cf cicmr.g after 
each hybridizing step by selecting clones having said 
first or second oligonucleotide sequence, isolating v.ne 
containing said ds cDUA and recioning saio. cs cu...... 


A method for preparing a transformed expression vectc: 


or plasmid which carries 


.A secience tr.a* 
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peptide chain; 

and inserting saic tailored as cDNA into an expression vector 
for expression of said ds cDNA; 

in.particular by the following steps a) to f): 

a) preparing ds cDNA coding for said polypeptide chain, by 
the steps of isolating ;r.?.KA'that codes for said chain, re¬ 
verse-transcribing said m?.NA to produce ss cDNA, synthesizing 
a strand complementary tc said ss cDNA by means cf DNA 
polymerase tc produce ds cDNA having a ceding strand ceding 
for said chair., wherein said cccir.g strands include DNA se¬ 
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to produce a first duplex, enzymatically treating this 
duplex to elongate said first oligonucleotide primer in 
its 5*-3' direction complementary to said non-coding ss cDNA 
anc digesting said nor.-coding ss cDNA in the other direction 
5 up to the sequence complementary to said first oligonucleo¬ 
tide primer, to produce N-terminus defined ds cDNA; 


d) hybridizing to the coding strand at the DNA sequences 
coding for the juncture at the end of the desired part and 
a superfluous part a seccncoligonucleotide primer that 
10 includes a stop ar.ti-codor. to produce a second duplex, 

enzymatically treating this duplex to elongate the second 
oligonucleotide primer in its -3 ’ cirection complementary 

to said ceding strar.d and digesting saic cccir.g ss clKA m 
the other direction up tc the sequence ccm.p_emer.tary to sal 
15 second oligonucleotide primer, tc prccuce 
lored ds cDNA; 




e) cloning the resulting ds c_.'.-. v.itr. 
defined; separating the resulting cs c 
N-terrr.:'■'us defined in* c coding anc ncr. 
using said ceding srrar.c :: step c .■ .c 
ceding strand if stec fclltv:s; 
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io . A method for preparing a binding polypeptide which 
consist? essentially of the amino acid sequence of at least 
a portion of the variable region of a light cr heavy chain 
of an immunoglobulin specific for a predetermir.ee ligano, 
said amir.c acid seo.uer.ee having substantially tr.e tending 
specificity of the analogous chain. 

said method comprising: 
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11. • A method for preparing a part of .a polypeptide free 
of a superfluous part of an enzyme or protein, in particular 
a binding polypeptide which consists essentially of the 
amir.c acid sequence cf at least a portion of the variable 
region cf a light cr heavy chain cf an immunoglobulin spe¬ 
cific for a predetermined ligar.d, said ar.iro acic sequence 
having substantially the binding specificity of the ana¬ 
logous ch?i..; 


^rcv.*rr. c a 


fcrr.e; 


to ~ cvr"5SE' 


C*£"-r.5 


” - , v... 


ere’:y sale pclycec' 


e v r res sec ; ar.: 


* r *. - - . 







68 


14. A method tor preparing a transformed expression 
vector or plasmid which carries a ds DNA sequence that 
codes for a variable region of a light or heavy chair, of 
an immunoglobulin specific for a predetermined ligand but 
ia.'ks nucleotides coding f ,>r aminoacid residues 
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